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Resistive  = 1 State in the Quantum Hall Effect 
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Introduction

The quantum Hall effect (QH) in systems with an extra degree of freedom, such as a two-fold degenerate valley index, has been proposed to relax into one of several different candidate ground states. These ground states include an isotropic QH random field paramagnet (QHRFP) phase, the anisotropic QH Ising nematic (QHIN) phase, [1,2] and the valley-skyrmionic phase [3] as a function of temperature and tilted magnetic field.  Ground states in the fractional QH  = 2/3, 1/3 and half-filled Landau level  = ½ are also of interest.  The anisotropy (or lack thereof) of these ground states may help distinguish the above phases, and quantifying the anisotropy dependence may identify phase transitions among the above phases.
Experimental

To investigate the possibility of a novel ground state at  = 1, 2/3, 1/3, and ½, the 35 T continuous magnet at the Tallahassee NHMFL was used.  Samples of high mobility AlAs quantum wells with specially designed mesa etch pattern were prepared for study, and new techniques for quantifying both density gradients and resistance anisotropy were implemented. [4,5] With the Tallahassee NHMFL, we were able to observe from  = 1 to  = 1/3 for two different samples and various temperatures (see results from one sample in Fig. 1). 

Results and Discussion


Whereas the  = 2/3, ½, and 1/3 states fit standard expectations for the fractional quantum Hall effect, with minima in Rxx and plateaux in Rxy, the  = 1 state, on the other hand, is highly resistive.  For fields below B = 10 T, one would have simply identified this state as resulting from Corbino contacts.  However, such an explanation would be inconsistent with the perfectly functioning contacts at  = 1/3, for example.  A temperature dependence of the anisotropic resistivity in this sample (not shown) indicates resistive state at  = 1 with temperature dependent anisotropy, suggesting that a striped or nematic valley-ordered phase may be occurring there.  A similar but weaker behavior is also evident at  = 2.  Thus a new ground state for these integer QH states may have been identified, though there was insufficient time to fully characterize the temperature and angle-dependence of these anisotropic states.
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Conclusions

We conclude from this study that a candidate highly resistive  = 1 state may have been identified, and that its anisotropy may be the result of valley interactions.  A more careful study in tilted field as a function of temperature will be required.  Furthermore, it was observed that a density gradient might affect the measurement, so newly prepared samples will be studied in the future, which are to be screened in advance for density uniformity.
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Figure 1. Above B = 10 T, the quantum Hall effect looks standard with minima in Rxx and plateaux in Rxy. The remarkable resistance maximum at  = 1 may indicate a novel ground state in this double-valley system, as predicted theoretically.
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